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physical problem, his searching questions 
were the qualities of untold benefit. He 
rarely delivered a lecture without calling 
attention to some subject which needed ex- 
perimental study ; he was never present at 
a meeting where scientific papers were read 
or discussed without pointing out some error 
or possible improvement in the method of 
experimenting. He was rarely on intimate 
terms with his students ; but no one came 
near him without recognizing his sweetness 
of character, his entire freedom from petty 
faults, his absolute unswerving devotion to 
the pursuit of truth. 

J. S. Ames. 
Johns Hopkins University. 



IMMUNITY AND PROTECTIVE INOCULATION* 

" When we search the history of the development 
of scientific truth we learn that no new fact or 
achievement ever stands by itself, no new discovery 
ever leaps forth in perfect panoply, as Minerva did 
from the brow of Jove. 

"Absolute originality does not exist, and a new 
discovery is largely the product of what has gone be- 
fore. 

"We may be confident that each forward step is 
not ordered by one individual alone, but is also the 
outcome in a large measure of the labors of others. 
The history of scientific effort tells us that the past is 
not something to look back upon with regret — some- 
thing lost, never to be recalled— but rather as an 
abiding influence helping us to accomplish yet greater 
successes." — Sir Michael Foster. 

" Again and again we may read in the words of 
some half-forgotten worthy the outlines of an idea 
which has shone forth in later days as an acknowl- 
edged truth." — Sir William MacCormac. 

The fact that persons once afflicted with 
smallpox rarely experienced a second at- 
tack of that disease when repeatedly ex- 
posed to it was not only early observed, 
but made a matter of record by the Chinese 
long before the beginning of the Christian 
era. That the disease was contagious had 
long been a matter of common experience, 

* Address of the President of the Texas Academy 
of Science, given in the Chemical Theater of the Uni- 
versity of Texas, on October 26, 1900. 



and the means of protection against its 
ravages early became an interesting subject 
for investigation. 

The Chinese observed that when the dried 
and pulverized material from smallpox pus- 
tules was blown into the nostrils of persons 
who had not experienced an attack of the 
disease, the disease in persons thus in- 
fected underwent a milder course, was ac- 
companied by a lower death rate, and con- 
ferred immunity against further attacks of 
smallpox. This early method of protec- 
tion against the ravages of the disease be- 
came a common custom in China and 
India ; but was later superseded by a more 
direct method of inoculation, that of in- 
troducing beneath the skin the scab of 
variolus pustules. The Chinese used the 
dried scab, the ordinary Hindoos the fluid 
pus, and the Brahmans pus that had been 
kept in wool for a period of twelve months. 
The last is clearly an instance of using 
attenuated virus. 

It should be remembered that smallpox 
extended westward to Europe during the 
sixth century, that it reached England 
toward the close of the ninth century, and 
at the time of the Crusades became wide- 
spread. In 1517 it was carried from 
Europe to Santo Domingo ; reached Mexico 
in 1520, whence it spread throughout the 
New World. It was introduced into Ice- 
land in 1707 and to Greenland in 1733. 

It should be particularly noted, that in 
the invasion of new territory the virulence 
of smallpox at once became greatly inten- 
sified — in some instances nearly one-half 
the population being destroyed by it. Rob- 
ertson records the death of three million 
and a half of people in Mexico alone as the 
result of the invasion of 1520. Again, the 
dark- colored races seem to be more easily 
infected than Europeans. 

The protective method of directly inocu- 
lating the pulverized variolus scab beneath 
the skin slowly traveled westward; so 
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slowly, that it did not reach Western Eu- 
rope until 1718, when Lady Mary Wortley 
Montagu introduced the process then in 
vogue in Constantinople. While the year 
1718 marks the introduction of protective 
inoculation to the aristocracy of England, 
the practice had come into use among 
Scotch and Welsh peasants at a much 
earlier date, which probably accounts for 
the next stage in the evolution of measures 
of protection against infectious diseases. 

Herdsmen and milkmaids in both Eng- 
land and Schleswig-Holstein observed that 
occasionally on the udder of cows there 
appeared an eruption resembling smallpox; 
that this eruption could be communicated 
to persons engaged in milking ; and that 
persons infected with the cowpox were pro- 
tected against an invasion of true smallpox. 
The fact that the notorious Mrs. Palmer, 
Duchess of Cleveland, was thus protected 
is evidence sufficient to show that such ob- 
servations were common as early as 1663. 
In 1768 Fewster and Sutton in London ; 
1774, Jesty, a Dorsetshire farmer ; 1791, 
Pless, a Holstein teacher, and May 14, 
1796, Jenner, confirmed these observations. 
It is true that the immortal work of Jen- 
ner began as early as the year 1769 ; for at 
this time, while a student under John 
Hunter, he heard a young country woman, 
in whose presence the subject of small- 
pox was mentioned, say : " I cannot take 
that disease, for I have had cowpox." 
Upon mentioning the subject to his .master, 
Hunter replied " Do not think, but try ; be pa- 
tient, be accurate." Jenner did try ; was 
patient, was accurate; and on May 14, 
1796, after years of patient labor, in his 
' Inquiry into the Causes and Effects of the 
Variolse Vaccinae,' he experimentally estab- 
lished the following facts : 

1. That this disease (cowpox) casually communi- 
cated to man has the power of rendering him unsus- 
ceptible of smallpox. 

2. That the specific cowpox alone, and not other 



eruptions affecting the cow, which might be con- 
founded with it, had this protective power. 

3. That the cowpox might be communicated at will 
from the cow to man by the hand of the surgeon, 
whenever the requisite Opportunity existed. And 

4. That the cowpox once ingrafted on the human 
subject, might be continued from individual to indi- 
vidual by successive transmissions, conferring on each 
the same immunity from smallpox as was enjoyed 
by the one first infected direct from the cow. 

Thus it is seen that Jenner, by inoculat- 
ing a cow with variolus matter produced 
in the cow an eruptive disease resembling 
smallpox, but of a milder type, and that 
the cultivation of this milder disease in the 
cow yielded a fixed virus (vaccine) which, 
transplanted to man, gave rise to a still 
milder eruptive disease (vaccinia) possess- 
ing constant characteristics, and conferring 
upon persons who underwent it immunity 
against smallpox. 

The older methods of inoculation against 
smallpox were quickly supplanted by the 
simpler and far safer method of vaccina- 
tion ; and since the introduction of the 
latter the appalling ravages of smallpox 
have been relegated to historical literature. 

The subsequent development of vaccina- 
tion is a matter of such general information 
that there is no need of its further discussion 
here. It is sufficient to say that in the 
great majority (if not in all) of the cases 
of successful vaccination immunity against 
smallpox is conferred for an indefinite- 
period, varying from three years to many 
years — averaging three to seven years — in 
some cases for life ; and that compulsory 
vaccination and revaccination offer the' 
safest and surest protection against this 
loathsome disease. 

The success of vaccination gave great im- 
petus to the investigation of the problem of 
immunity, and the annals of the nineteenth 
century contain a voluminous record of the 
prolonged and patient efforts of a host of 
brilliant workers whose contributions have 
at least laid the foundation upon which the 
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solution of the problem may, in the future, 
be built. The building of this foundation 
can not be recounted here ; but it will be 
necessary to mention some of the materials 
of which it is made, that the latest progress 
may be intelligently discussed. 

As in the .case of smallpox, it had long 
been a matter of common observation that 
a number of the acute infectious diseases 
occur but once in the same individual. 
Whooping-cough, measles, scarlet-fever and 
yellow-fever are notable examples of acute 
infectious diseases one attack of which 
usually confers immunity against subse- 
quent attacks of the same disease. It was 
also observed that some infectious diseases 
confer a very evanescent type of immun- 
ity, and that others confer no immunity 
whatever. 

From the standpoint of immunity the in- 
fectious diseases may be easily divided 
into three classes : 

1. Diseases one attack of which confers 
immunity against subsequent attacks of the 
same disease. 

2. Diseases one attack of which confers 
immunity against subsequent attacks of the 
same disease for only short periods of time. 

3. Diseases an attack of which confers 
no immunity whatever. 

It would seem that these facts, coupled 
with Jenner's discovery of a fundamental 
and practical method of producing artificial 
immunity, clearly outlined the path for 
future workers to follow ; but, strange to 
say, the nineteenth century was well on its 
way before this important route found many 
followers. 

The failure to appreciate fully Jenner's 
brilliant discovery, and to apply his method 
to the study of other infectious diseases, 
finds an explanation in the hazy theoretical 
conceptions of the cause and nature of in- 
fectious diseases which prevailed during the 
<early part of the century. The investiga- 
tions of fermentation by Astier, Sette, Franz 



Schulze, Cagnaird de Latour, Schwann, 
Fuchs, Eemak, Mitscherlich, Helmholtz 
and others did much toward clearing the 
haziness of that period ; but it was the 
monumental work of Pasteur that ' finally 
established the truth of the view that all 
processes of fermentation and putrefaction 
alike are caused by living things, and that 
in each different fermentation different 
kinds of microbes are concerned. ' In the 
light of newer knowledge this statement 
needs revision. The investigations of Koch 
on anthrax soon followed, and then came 
the growth of pure cultures of several path- 
ogenic bacteria. 

" The work of Pasteur and Koch afforded 
the first basis on which the study of artifi- 
cial immunity could be again undertaken. 
The possibility of voluntarily producing a 
number of the most important infectious 
diseases of men and animals, and of modi*- 
fying at will pure cultivations of bacteria, 
either, according to Jenner's precedent, by 
passage through the animal body, or other- 
wise on artificial culture media, laid the 
foundation on which advancement could 
proceed. Pasteur himself was the first, 
after Jenner, to produce an artificial im- 
munity by using an attenuated virus ; and 
he was also able to introduce the procedure 
to some extent into practice with most 
beneficial results. Still the theoretical ex- 
planation of all these facts lagged far be- 
hind their practical effects. The very able 
investigations of Metschnikoff and his 
theory of phagocytosis were, to many in- 
vestigators, inconclusive." 

Numerous attempts were made to formu- 
late adequate theoretical explanations of 
the accumulated facts concerning the phe- 
nomena of infectious diseases. The fol- 
lowers of Sydenham looked upon the spe- 
cific disease itself as an entity ; while Lotze 
and Virchow viewed it as a process. It was 
clear that a mechanical or dynamical proc- 
ess could not be a living entity. The 
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physiologists Haller, Reil and Johannes 
Muller had established this principle for 
normal life processes, and its extension to 
abnormal life processes was simple enough. 
" Whatever be the outside forces that act, 
the eye perceives only light, and the ear 
only sound ; the glands simply secrete and 
the muscles contract. It is, therefore, the 
internal condition of the organism, of its 
organs, tissues or cells, that alone deter- 
mines the character of the effect. The im- 
pulse that must come from the outside to 
produce these effects is called the stimulus. 
Hence there must exist a fundamental in- 
ternal organization, that is to say, a predis- 
position to" something external. * * * 
Disease, then, may be regarded as the effect 
produced by quantitative changes in nor- 
mal conditions, either when the physiologi- 
cal organization is too feeble or the stimu- 
lus too intense." Disease may be viewed 
as a phenomenon of adaptation. 

Against this conception, the parasitic or 
germ theory, developed by Plenciz, Eisen- 
mann, Henle, Davaine, Pasteur, Klebs, F. 
Cohn, J. Schroter and Koch, appeared to 
introduce an entirely new qualitative ele- 
ment. It asserts ' that many diseases are 
due to the presence and propagation in 
the system of minute organisms having no 
part or share in its normal economy.' 

Another -conception is that of Petten- 
kofer, which holds that the determining 
cause is to be found in the external condi- 
tions, which vary according to time and 
place. 

It is not difficult to see that these theories 
are upholding entities as the cause of dis- 
ease. While a kernel of truth is to be 
found in each, they all fail to realize the 
continuity of causes in the sense of modern 
exact science. " The true and sufficient 
cause of any effect is always something in- 
ternal, something that follows from the 
kind and amount of initial energy, and 
from that quality and quantity alone and 



entirely. * * * It is the absolute thing 
' that exists behind all change and remains 
primordially the same,' as Helmholtz ex- 
pressed it." Or as the modern physicist 
would put it : potential energy = cause, 
kinetic energy = effect ; and as a liberating 
impulse will change potential energy into 
kinetic energy, so a liberating impulse will 
change cause into effect. 

The cloudiness that characterizes many of 
the theories that have sought to explain the 
phenomena of infectious diseases is largely 
a legacy of Kantism, and is clearly out of 
place in these days of modern science. It 
is somewhat strange that ' ontological toys ' 
are still to be found in the workshop of 
some really brilliant investigators of natural 
phenomena. Nevertheless, they are there 
— which explains some explanations that 
do not explain. 

The parallelism which subsists between 
the phenomena of fermentation, infection 
and immunity, suggests the mental route to 
be traveled if an insight into our problem 
is to be gained ; and for this reason it is 
necessary to first point out a few facts 
about fermentation. 

FERMENTATION. 

If the phenomena of matter be defined as 
periodic functions of the atomic and molec- 
ular masses which constitute it and the 
rates of motion of these masses, and the 
chemical unit be viewed as a ' center 
through which energy manifests itself,' then 
the theories of modern chemistry should 
supply an explanation of the phenomena of 
fermentation. 

The crucial test of every theory which 
seeks to explain fermentation is the satis- 
factory explanation of the following phe- 
nomena : 

Enzymes appear to be capable of disrupt- 
ing complex chemical bodies without un- 
dergoing any apparent chemical change 
themselves — that is, they bring about a 
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chemical change in disproportionately large 
quantities of material. When the newly 
produced substances attain a certain con- 
centration the further action of the enzyme 
is inhibited, but its action is reasserted 
when the concentration of the zymolytic 
products is again lowered. Maximum, 
minimum and optimum temperature ancj 
pressure influence these cbanges. The in- 
troduction of certain chemical bodies also 
exerts an accelerating or retarding influ- 
ence ; and phenomena of selective action are 
likewise to be found. 

Many hypotheses have been submitted. 
Very ingenious explanations of some of 
the phases of fermentation are to be found 
in them ; but under the searching light of 
completer knowledge their incompleteness 
is sooner or later developed. Many of the 
modern theories are little else than trans- 
lations of the earlier hypotheses into terms 
of modern scientific terminology, so that 
the later literature is laden with modern 
extensions of the catalytic theory of Ber- 
zelius, Beal's bioplastic theory, Justus von 
Liebig's physical theory, the germ theory, 
etc. 

Interesting and enlightening as some of 
these theories are, their full consideration is 
not within the purpose of this address, the 
limits of which will permit only a brief 
and incomplete review of some of the more 
modern conceptions of fermentation, to 
which attention is now asked. 

The more recent investigations of the 
organized and unorganized (soluble) fer- 
ments have dealt a severe blow to the vital- 
istic theory of fermentation. Hansen's ad- 
mirable biological researches upon the 
yeasts, followed by the important inves- 
tigations of Buchner, A. Croft Hill, Emil 
Fischer and many others brought to light 
many interesting hitherto hidden facts ; 
and it now seems clear that all the phe- 
nomena of fermentation may be explained 
from a purely chemical basis. The so- 



called organized ferments appear to be 
' active proteids,' and the unorganized fer- 
ments, or enzymes are mostly proteid-like 
bodies presenting great differences in the 
complexity of their chemical structure. 

Hueppe looks upon ' active proteid ' as 
" a kind of intermediate stage between life- 
less ' nutritional ' proteid and living cells "; 
that it ' appears like an anhydride of dead 
proteid,' inasmuch as hydration converts it 
into an inactive form. Investigations of 
Bokorny and Loew demonstrated the ex- 
istence of active proteid in many plants. 
Loew speaks of it as reserve protein matter 
of a highly labile nature, and that it differs 
from all other reserve proteins. He called 
it proto-protein, and suggested that it is 
the ' material which, by being converted 
into organized nucleo-proteids, forms living 
matter.' Protein comprises all kinds of 
albuminous matter, while proteid is used 
to designate complex compounds of proteins, 
such as nucleins, hsemoglobin, etc. Labile 
chemical compounds are unstable bodies 
which easily undergo chemical change. 
Labile atoms or groups of atoms are atoms 
or groups of atoms which readily migrate 
from a center of instability to one of sta- 
bility. When the migration is intramolec- 
ular a stereoisomeric compound is the prod- 
uct of change ; when the migration is extra- 
or in term olecular disruption of the molecules 
takes place. Loew points out the necessity 
of distinguishing between ' potentially labile 
and kinetically labile compounds ; in other 
words, between static labile and dynamic 
labile ' — using the potential chemical energy 
in the sense of intramolecular chemical 
energy. Nitroglycerole and certain other 
explosive organic compounds represent the 
potential type, while examples of the ki- 
netic are found in the aldehydes and 
ketones. 

The energy stored in a labile compound 
is beautifully illustrated in the explosion of 
the trinitrate of glyceryl— CH^OISrOJ.CH 
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(ON"0,).CH 2 (OE"O a ), which when heated to 
257° C. , or when struck, explodes with great 
violence. The products of the decomposi- 
tion are represented by the equation : 

4C 2 H 6 . ( NO s ) 3 *»-*- 12C0 2 + 10H 2 O + 6N a + O,. 

At the temperature of the explosion all 
these products are gases, and at atmos- 
pheric pressure will now occupy the space 
of about 10,400 liters, having expanded 
about 18,324 times its original volume. 

Another instance is that of mercury ful- 
minate [(OrN.CO.Hg + pr.O], which de- 
velops a pressure of 43,000 atmospheres 
by detonating in its own volume. 

Chemical changes partially or completely 
destroy the statically labile compounds, 
while the dynamically labile compounds 
readily pass into isomeric or polymeric 
compounds as a result of atomic migra- 
tions, or by polymerization. The classic 
illustration usually given of the produc- 
tion of an isomeric compound produced by 
atomic migration is Wcehler's famous dis- 
covery: the transformation of ammonium 
cyanate into urea, which he accomplished 
in 1828, by evaporating an aqueous solution 
of ammonium isocyanate. The transfor- 
mation is represented by the equation : 



0:C:N.NH 4 «-*-0:C< 



NH 2 
NH,' 



Many others can be cited. 

Noting that labile compounds are more 
easily attacked by chemical agents than 
stable ones, Loew has elucidated the action 
of many poisons. He says : " A systematic 
toxicological review shows us among other 
things that all compounds acting upon alde- 
hydes and all that easily attack labile 
amido-groups are poisonous for all kinds of 
living protoplasm, which fact led me to in- 
fer that the lability of the plasma proteids 
is caused by the presence of aldehyde and 
amido-groups within the same molecules. 
* * * The primum movens in the living 
protoplasm must be denned as a mode of 
motion of labile atoms in the plasma pro- 



teins ; that is, as a special case of chemical 
energy." According to Loew, the enzymes 
belong to the dynamically labile com- 
pounds. 

While the chemical structure of the en- 
zymes is not yet known the researches of 
Emil Fischer go to show that a knowledge 
of their constitution is not far beyond our 
reach. In the fermentation of the sugars 
Fischer has shown that the enzymes can 
only 'attack those sugars which possess 
a molecular configuration corresponding 
to their own ' — that is, they must fit each 
other 'as the key fits its lock.' View- 
ing the enzymes as nucleo-proteid bodies, 
and as being optically active, he reasoned 
that their molecules must have an asymmetric 
structure. Their selective action toward a 
and /? methyl-glucosides strongly supports 
this view. 

According to Fischer, two methyl-glu- 
cosides are formed by the action of hydro- 
chloric acid (HC1) on a solution of d 
glucose in methyl alcohol, and their config- 
uration is given as follows : 



H.C .O.CH 3 
/ CH.OH 

Ox CH.OH 

\l 
\CH 

CH.OH 

I 
CH,OH 



CH 3 .O.C.H 

/CH.OH 

/ I 
0( CH.OH 

\l 
\CH 

I 
CH.OH 



CH,OH 

One is called a the other /?, and their differ- 
ence is found in the configuration of the one 
asymmetric carbon atom, yet the enzymes 
which attack the a will not attack the /S, 
and vice versa. This important discovery 
sheds a world of light upon the vexed prob- 
lem of fermentation, and will therefore help 
to explain many of the obscure phenomena 
of disease and of immunity. It will also 
find a place in the investigation of many of, 
the difficult problems of physiological chem- 
istry. A very admirable feature of Fischer's 
hypothesis is its capacity to receive aid 
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from, and give aid to, several other hypo- 
theses — it possesses a wide range of appli- 
cability. 

In 1892, our esteemed colleague, Professor 
J. W. McLaughlin, in his book on ' Fer- 
mentation, Infection and Immunity,' elab- 
orated a ' Physical Theory,' a quotation 
from which is here presented. After de- 
veloping the modern conception of complex 
molecules, Dr. McLaughlin goes on to say : 
" When we add to this conception of atomic 
and molecular union, that of atomic vibra- 
tions in unvarying periods of time which 
are distinctive of each kind of atom, and 
that of ethereal wave-motions vibrating in 
equal periods with the atoms that produce 
them, the law of ' interference ' enables us 
to understand how atomic wave-motions 
may be supplemented or antagonized by 
other atomic wave-motions, and how mo- 
lecular wave-motions may, likewise, be 
similarly influenced by other molecular 
waves ; that, in fact, the molecular waves 
which give a substance its energy will vary 
with molecular grouping. Now it is in 
these principles of molecular dynamics, and 
in chemistry and biology, that, we believe, 
is to b^ found the explanation of cell metab- 
olism — constructive and destructive — of 
fermentation, of infection and immunity." 
On page 66, he says : " It is only when the 
molecular vibrations of a ferment, whether 
this be a living, organized ferment, or a 
non-living, unorganized ferment, coincide 
with those of a fermentable substance, that 
the latter may be disrupted by the former, 
and fermentation ensue." While these two 
quotations do not adequately present Dr. 
McLaughlin's theory, they suggest a con- 
necting link with the physical hypothesis 
of de Jager. 

" Starting with Naegeli's view that fer- 
menting yeast-cells emit vibrations which 
pass out of the cells and decompose the 
sugar in the solution surrounding them, de 
Jager suggests that the enzymes may be 



regarded not as substances at all, but as 
the vibrations themselves, that is as prop- 
erties of substances rather than material 
bodies." He compares them to light, elec- 
tricity, magnetism. Fermentation does not 
depend upon chemical action of a molecu- 
lar substance, but chemical transforma- 
tions are brought about by physical forces. 
Maurice Arthus has very ingeniously elab- 
orated the theory of de Jager. 

O'Sullivan and Tompson have shown 
that invertase is capable of inverting more 
than 100,000 times its own weight of cane 
sugar without exhausting itself; and Tam- 
man proved that under proper conditions 
the enzyme is decomposed during its ac- 
tivity with extreme slowness. These reac- 
tions find their parallel in the action of 
nitric oxide in the manufacture of sulphuric 
acid, and in the action of sulphuric acid in 
the production of ethyl oxide ; and Bredig 
and von Berneck have recently shown that 
" one gram-atom (193 grams) of colloidal 
platinum diffused through seventy million 
liters of water shows a perceptible action 
on more than a million times the quantity 
of hydrogen peroxide." 

In these four instances it will be observed 
that the invertase, nitric oxide, sulphuric 
acid, and colloidal platinum acted solely in 
the capacity of catalyzers, that is, they 
modified the time factor of the reaction 
— the positive catalyzers accelerating, and 
the negative catalyzers retarding, the ve- 
locity of the reactions. Catalyzers, then, 
serve in the capacity of liberating impulses. 

That zymohydrolysis is a chemical action 
finds further support in the recent work of 
A. Croft Hill on ' Reversible Zymohydroly- 
sis.' By varying the concentration of mix- 
tures of glucose and maltose he found that 
the equilibrium point of these two sugars 
was reached when 85.5% of glucose and 
14.5% of maltose were present. Increasing 
the glucose beyond 85.5% sent the hydrol- 
ysis one way, and the reaction reversed 
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when the maltose was increased beyond 
14.5%. This is in strict conformity with 
the law that " every reaction proceeds to a state 
of equilibrium, with a definite reaction velocity." 
The phenomena of reversible reactions 
have been well worked out, and Konowa- 
low's reaction of acetic acid upon pentene : 

CH 3 CO. OH+CsH^^JjCHsCO. 0(C 5 H u ) , 

has been shown to conform to the require- 
ments of the law of mass- action by Nernst 
and Hohmann. 

Another very important observation made 
by Bredig and von Berneck is that " rela- 
tively minute portions of certain substances 
are able to inhibit the catalytic action of 
platinum, and that these are substances 
which exert a markedly poisonous effect on 
the living cell and on enzymes. 1/345,000 
gram-molecule per liter of hydrogen sul- 
phide already exerts a strongly restraining 
action. 1/1,000 gram-molecule per liter of 
hydrocyanic acid stops it entirely, and 
much less is able to retard it greatly. 
Carbon disulphide, and mercuric chloride 
show a similar behavior." This again paral- 
lels the action of ferments and antiferments. 

Were it necessary, many other interesting 
parallels could be drawn to show the inti- 
mate connection between the phenomena 
of fermentation and the phenomena of 
chemical action; but this must suffice to 
authorize the statement that the complex 
phenomena of fermentation can be best 
understood when viewed from the pinnacle 
of modern chemical theory — the Avogadro- 
van't Hoff rule, the phase rule, electrolytic 
dissociation and the doctrine of energy. 

Having shown that chemistry helps us to 
understand fermentation, let us see what 
light it is capable of shedding upon infec- 
tion. 

INFECTION. 

The fact that the poisonous action of the 
bacteria is due to the soluble products 
formed by the bacteria was established by 



Panum in 1874. Later, Koch, Chauveau 
and others succeeded in separating these 
poisons from the bacteria, and by inoculat- 
ing animals with them proved that the 
proliferation of a number of pathogenic or- 
ganisms in the body was less injurious to 
the body than the soluble poisons produced 
by them. Brieger viewed these poisons as 
organic bases, the so-called ptomains ; but, 
subsequently some of them were shown to 
be either proteid or proteid-like bodies, and 
many of them acted not unlike digestive 
ferments. Brieger and Frankel named the 
proteid-like bodies toxalbumins. Among 
the toxins are uncrystallizable poisons, the 
complex chemical structure of which has 
not yet been made out. The ptomains are 
crystallizable products of bacterial activity 
somewhat analogous to the vegetable alka- 
loids. Some possess toxic properties, while 
others do not. The chemical structure of 
some of them is well known, but the struc- 
ture of toxalbumins is a problem for future 
work. 

In his work on ' Ptomaines and Leuco- 
maines,' Vaughan points out a very inter- 
esting chemical relationship between some 
of the non-poisonous and poisonous mem- 
bers of the cholin group. Starting with 
trimethyl-ethyl-ammonium hydroxide, by 
oxidation cholin, neurin, beta'in and mus- 
carin are derived as follows : 



CH 3 

I 
CH, 



CH..OH 



+ Os-^ CH, 



N(CH 3 ) 3 OH 

(Trimethyl-ethyl- 
ammonium hydroxide. ) 



CH 2 .OH 

CH 2 

N(CH 3 ) 3 OH 
(Cholin. ) 



-H 2 



N(CH 3 ) 3 OH; 

(Cholin.) 

( Oxy ethyl-trimethy 1-am- 

monium hydroxide.) 

CH 2 

II 
CH 



N(CH 3 ) s OH; 
(Neurin : Vinyl-tri- 
methyl-ammonium hy- 
droxide. ) 
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CH 2 .OH 

CH, +CV 

X(CH 3 ) 3 OH 

(Cholin) 

CH 2 .OH 



I 



+ 



CO. OH 

I 
OH. 

N(CH 3 ) 3 OH; 
(Trimethylglycocoll) 

CH,.OH 

I 
CH.OH 



N(CH 3 ) 3 OH N(CH 3 ) 3 OH. 

(Musoarin : Dioxyethyltri- 
methyl-ammonium-hydrox- 

ide.) 

The structural formulse show the little 
change that is necessary to convert an in- 
nocuous substance into a very poisonous 
one, and viee versa. Cholin is only poison- 
ous in large doses while very small doses 
of neurin and muscarin are highly poison- 
ous. Betain is not poisonous. 

Methylguanidin (NH : C<-^§»(OH,)V 

trimethylenediamine (CH, : <ph* -NTT/' 

and tyrotoxicon (diazobenzene-potassoxide, 
CgHj.K'j.OK) are three other poisonous 
ptoma'ins whose chemical structure is well 
known. Typhotoxin (C,H n NO,) is said to 
be the toxin which gives rise to the typhoid 
intoxication, and Brieger has been able to 
separate from tetanus cultures four bases : 
tetanin (C 13 H 30 N' il O 4 ),tetanotoxin (C 6 H n N), 
spasmotoxin and one other unnamed toxin. 
According to Brieger, each of these is ca- 
pable of inducing tetanic intoxication. 
Against this last statement is opposed the 
further statement that tetanus toxin is a 
toxalbumin. 

Roux, Yersin and others succeeded in 
isolating, seemingly in a state of purity, 
from the cultures of the Klebs-Loeffler 
bacillus a toxalbumin, soluble in water, 
which when inoculated into a guinea-pig 
produced the phenomena characteristic of 
diphtheria. Prosecuting this line of inves- 
tigation, these and other investigators have 
isolated characteristic toxalbumins from 



cultures of other germs. These toxalbu- 
mins have been divided into two principal 
groups by Brieger and Frankel, the classi- 
fication being based upon their solubility. 
As previously stated, they are proteid-like 
bodies, highly complex and poisonous. 
Their further properties may be considered 
later ; but in passing, an idea of their viru- 
lence should be given. 

" A tetanus toxin has been prepared, of 
which 0.00005 milligram killed a mouse 
weighing 15 grams; a man weighing 70 
kilograms, with the same susceptibility, 
would be killed by 0.23 milligrams. This 
would make the poison 300 times more 
potent than strychnine." 

Closely, related to the toxins which arise 
as products of bacterial activity there is 
another group of toxic substances which 
arise in the living animal tissues as the 
products of either hyper or of retrograde 
metabolism of the protoplasm, or result 
from fermentative action. Some of these 
are proteid-like bodies (toxalbumins) , while 
others are organic bases (leucomams) not 
unlike the vegetable alkaloids. 

The chemical structure of many of the 
leucomains is well known ; but the same 
cannot be said of the toxalbumins. The 
development of their structure must await 
the unraveling of the proteids — their chem- 
istry seems to flow in channels parallel 
with the chemistry of the albumins, globu- 
lins, albuminates, proteoses and peptones. 
At least the poisonous principle clings to 
these products. 

The venom of the snake belongs to this 
class. According to the researches of S. 
Weir Mitchell, E. T. Reichert, T. R. Fraser 
and others, snake venom is a very complex 
mixture containing in addition to the poi- 
sonous substances several bodies that are 
non-poisonous. The poisonous substances 
are not ferments. Fraser says : " They are 
substances that produce effects having a 
direct relationship to the quantity intro- 
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duced into the body. This quantity in the 
case of each serpent varies with its size 
and bodily and mental condition ; with the 
nature of the bite — whether both fangs or 
only one has been introduced, whether they 
have penetrated deeply or only scratched 
the surface ; and with other circumstances 
related to the serpent, such as whether it 
had recently bitten an animal or not, and 
thus parted with a portion or retained the 
whole of the venom stored in the poison 
glands. The quantity required to produce 
death being very exactly related to each 
pound or kilogram of weight." Fraser 
found the minimum lethal dose per kilo- 
gram to be : " For the guinea-pig (of 
dried venom), 0.00018 gm.; for the frog, 
0.0002 gm.; for the rabbit, 0.000245 gm.; • 
for the white rat, 0.00025 gm.; for the cat, 
somewhat less than 0.005 gm. ; and for the 
grass snake (Tropedonotus natrix), the rela- 
tively large dose of 0.03 gm." 

It is significant that the toxicity of cobra 
venom is not the same for all animals. 
Furthermore, it is exceedingly interesting 
to find that the experiments carried out by 
Fraser, in vitro and in the animal organism, 
leave practically no room for doubt that 
the poisonous action of snake venom and 
the antagonistic action of antivenin are 
both chemical. In the unprotected animal 
snake venom injected beneath the skin or 
into the blood stream gives immediate evi- 
dence of reactions of an endothermic char- 
acter ; but when in the same manner it is 
introduced into protected animals evidence 
of exothermic reactions is elicited. "When 
introduced into the stomach of an animal 
snake venom not only fails to induce symp- 
toms of poisoning, but exhibits a neutraliz- 
ing action upon inoculated venom, and in 
the uninoculated animal confers immunity 
against snake venom. Moreover, the ratio 
between venom and antivenin is quantita- 
tively brought out in the experiments of 
Fraser. All this can be shown to be in 



conformity with well-known chemical laws. 

Numerous examples which illustrate the 
chemical nature of the action of toxalbu- 
mins might be drawn from various intra- 
and intercellular protoplasmic bodies found 
in the vegetable and animal kingdom, but 
time will not permit their multiplication 
here. A bountiful supply is to be found in 
recent biochemical and medical literature, 
and interested persons are referred to that 
source. 

The specific phenomena of these poisons 
as exhibited in the human body when toxic 
quantities are taken will be found in nearly 
every text-book of modern medicine, so 
there is no need to repeat them here. 

What has been said of the chemistry of 
fermentation is equally applicable here. Spe- 
cific illustrations and their enlargement 
just now would take us beyond the limits 
of this address ; for that reason it is well 
to pass on to the consideration of the next 
phase of the subject. 

IMMUNITY. 

The problem of immunity is so closely 
entwined with that of protective inocula- 
tion that it will be easier to discuss the two 
conjointly. 

In its broadest sense, immunity repre- 
sents that state of the living organism (ani- 
mal or vegetable) which enables it to resist 
the toxic action of substances, whether such 
substances be introduced from an external 
source or are developed within the organ- 
ism. Specific immunity is a state of immun- 
ity against a specific substance. This may 
be natural, as when the organism is normally 
non-susceptible ; or it may be artificial (ac- 
quired) , as in the case of protection against 
disease developed by a previous attack of 
the disease (as in smallpox), or by some 
other artificial means (vaccination, for in- 
stance). 

Vexed as the problem is, much enlight- 
enment is to be gained from an investiga- 
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tion of artificial immunity. Recalling the 
researches of Jenner, and the quotation 
from Ehrlich relative to the work of 
Pasteur, at that time it appeared as 
though artificial immunity was brought 
about by specific microorganisms. Op- 
posed to this view the investigations of 
Toussaint, Chauveau, Salmon and Smith, 
Roux, C. Frankel and others brought 
forward evidence to show that artificial 
immunity could be induced by the ' meta- 
bolic products ' freed from bacteria — accus- 
toming the organism to the specific poison 
seemed all-sufficient. Later it was shown 
by Hueppe, Gamaleia and Buchner that 
the specific toxins found in the culture fluid 
outside the bacterial cells were not identi- 
cal with the protective substances found in ' 
the germs and their metabolic products. 

At this point Hueppe says : It has been 
"established that: (1) undergoing the dis- 
ease; (2) inoculation with attenuated germs; 
(3) inoculation with disease germs which 
have become wholly impotent ; (4) inocu- 
lation with saprophytes, and (5) inoculation 
with the metabolic products of the parasite, 
can all confer immunity ; while, (6) inocu- 
lation with the specific poisons effects no im- 
munization." Then followed the experi- 
mental proof that completely attenuated 
bacteria can no longer produce the specific 
poison. This effectually separates the pro- 
tective substance and the poison. 

The next important advance was the dis- 
covery of substances in the blood serum of 
animals immunized against diphtheria and 
tetanus that were able to specifically protect 
other animals against the toxines of these 
diseases. This discovery was made by 
Behring, and it at once opened an entirely 
new and promising field for investigation. 

December 3, 1890, in No. 49 of the Deut- 
sche med. Wochensehrift, Behring and Kitasato 
published an article : ' Ueber das Zustande- 
komen der Diphtherie-Immunitat und der 
Tetanus-Immunitat bei Thiercn r in which 



the statement is made that : " The blood of 
tetanus-immunized rabbits possesses the 
property of destroying tetanus toxin. This 
is possessed by the extra vascular blood and 
is the cell-free serum." They showed that 
the blood serum of non-immunized animals 
did not possess this antagonizing action, 
and that the prepared serum was of thera- 
peutic value. Ogata and Jasuhara proved 
that blood serum from an animal naturally 
immune contained substances which, when 
injected into mice, conferred upon them the 
same type of immunity. Tizzoni and Cat- 
tani (1891) found that the quantitative 
protective value of the blood serum of an- 
imals naturally immune to tetanus (the 
dog, for instance) could be greatly increased 
by repeated injections of gradually increas- 
ing amounts of tetanus-toxin ; and that 
such serum possessed decided therapeutic 
value when inoculated into animals suffer- 
ing from tetanus. This line of investiga- 
tion has been greatly extended and enriched 
by Behring, Roux, Koch, Yersin, Haffkine, 
Pfeiffer, Buchner, Sanarelli, Ehrlich and 
others, and, as a result, there is to be found 
in the open market to-day a variety of anti- 
toxin sera, such as antidiptheritic, antite- 
tanic, Marmoreck's antimycotic, antipneu- 
mococcic, antibubonic, antirhabic, yellow- 
fever, etc. 

March 20, 1896, Professor Thomas R. 
Fraser, M.D., at the Royal Institution of 
Great Britain, presented a very important 
contribution on ' Immunisation against Ser- 
pents' Venom, and the Treatment of Snake- 
bite with Antivenene,' in which, for the 
first time, the quantitative relation between 
the ' toxic ' and the ' anti ' substances is 
shown. The contribution is rich in splen- 
didly marshaled experimental evidence 
which leads the author to the logical con- 
clusion that, so far as snake venom is con- 
cerned, the antidotism of the ' antivenene ' 
is not the result of physiological, reaction, 
is not due to phagocytic action, nor to the 
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'resistance of tissues,' but, as I have 
already pointed out, a chemical theory, 
implying a reaction between antivenene and 
venom, which results in a neutralization of 
the toxic activities of the venom, is entirely 
compatible with the observed facts. 

Another significant fact of chemical im- 
portance observed by Praser is that, in car- 
rying out the immunizing process, " the 
saturation point of the blood for antivenene 
is reached before the possible maximum 
non-fatal dose of venom has been adminis- 
tered." The protective value of venom 
and ' antivenene ' when administered by 
the stomach has already been mentioned. 

By this time the use of diphtheria anti- 
toxin as a therapeutic agent in the treat- 
ment of diphtheria had become firmly es- 
tablished. The variation in the results 
obtained caused Ehrlich to search for a 
quantitative relation between the toxin of 
diphtheria and the antitoxin of diphtheritic 
serum. The result of Ehrlich's investiga- 
tion is to be found in the Croonian lecture 
delivered by him before the Eoyal Society, 
London, March 22, 1900. 'By means of 
test-tube experiments with suspended ani- 
mal tissues ' he brought out some very inter- 
esting facts. " The relations were simplest 
in the case of red-blood corpuscles. On 
them, outside the body, the action of many 
blood poisons, and of their antitoxins, can 
be most accurately studied, e. g., the actions 
of ricin, eel-serum, snake poison, tetanus 
toxine, etc. * * * By means of these test- 
tube experiments, particularly in the case 
of ricin, I was able, in the first place, to 
determine that they yielded an exact quan- 
titative representation of the course of the 
processes in the living body. * * * It was 
shown that the action of toxine and anti- 
toxine took place quantitatively as in the 
animal body. * * * It was proved in the 
case of certain toxines — notably tetanus 
toxine— that the action of antitoxines is 
accentuated or diminished under the influ- 



ence of the same factors which bring about 
similar modifications in chemical processes 
— warmth accelerates, cold retards the re- 
action, and this proceeds more rapidly in 
concentrated than in dilute solutions. * * * 
The knowledge thus gained led easily to the 
inference that to render toxine innocuous 
by means of antitoxine was a purely chem- 
ical process, in which biological processes 
had no share." 

The distribution of the toxins and the 
antitoxins in the system is a matter of 
prime importance, yet not more than a be- 
ginning has been made looking toward 
their localization. That they do possess a 
selective action has been established by 
Stokvis, Donitz, Pfeiflfer, Marx, Wasser- 
mann and Boux, and these facts throw a 
great deal of light upon the phenomena of 
incubation, time reactions, antitoxic action, 
protective action, serum therapy, etc. 

The phenomena of agglutination and 
lysogenic action, the recent work of Buchner 
in Germany and Bordet in France, on 
haemolysis, and some experimental work 
on ionic reactions done in my own labora- 
tory, deserve consideration here; but time 
presses for a summation, and they must be 
passed without further comment to a future 
occasion. 

Prom accumulated facts, acquired immunity 
is separable into two distinct types. (The 
following classification is borrowed from 
Muir and Bitcbie.) 

A. Active immunity, i. e., produced in an animal 
by an injection, or by a series of injections, of 
non-lethal doses of an organism or its toxines. 
1. By injection of the living organisms. 

(a) Attenuated in various ways. Examples : 

(1) By growing in the presence of oxygen, or 
in a current of air. 

(2) By passing through the tissues of one 
species of animal (becomes attenuated for 
another species ) . 

(3) Bygrowing at abnormal temperatures, etc. 

(4) By growing in the presence of weak anti- 
septics, or by injecting the latter along with 
the organism, etc. 
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(b) In a virulent condition, in non-lethal doses. 

2. By injection of the dead organisms. 

3. By injection of filtered bacterial cultures, i.e., iox- 
ines ; or of chemical substances derived from these. 

These methods may also be combined in various 
ways. 
B. Passive immunity, i. e., produced in one animal 
by injection of the serum of another animal 
highly immunized by the methods of A. 

1. By antitoxic serum, i. c, the serum of an animal 
highly immunized against a particular toxine. 

2. By anlimicrobic serum, i. Is., the serum of an ani- 
mal highly immunized against a particular or- 
ganism in the living and virulent condition. 

The protective value of active immunity 
extends through, a considerable period of 
time, while that of passive immunity is 
evanescent. 

An adequate explanation of this vast 
array of facts is yet before us. The ex- 
planation in detail cannot be given to-night ; 
that must await another time; but some 
generalizations must be made. 

1. Pasteur's theory of exhaustion of the 
pabulum is disproved by the fact of passive 
immunity. 

2. The theory of retention will have to be 
greatly modified before it can explain many 
facts with which it is now in opposition. 

3. The theory of acclimatization or habitua- 
tion has limited application and, like the 
theory of adaptation, takes too little cog- 
nizance of details. 

4. Metchnikoff's theory of phagocytosis falls 
before the facts of passive immunity ; and 

5. The humeral theory only presents an- 
other phase of its own evolution. 

6. Buchner's hypothesis, which explains 
immunity as being due to the reactive 
changes in the integral cells of the body re- 
sulting from the action of chemical products 
absorbed from the seat of vaccination or in- 
oculation, is strongly supported by experi- 
mental evidence ; and 

7. Ehrlieh's side-chain (Seitenkette) theory 
presents an exceedingly ingenious and in- 
teresting explanation of the phenomena of 



immunity adduced by experiments in vitro 
and in vivo. 

By elimination the problem may be some- 
what simplified. The facts themselves may 
be roughly divided into two groups : (1) 
biological, and (2) chemical; and the ex- 
planations will then be either biological or 
chemical. In the ultimate analysis, the 
biological explanation will rapidly pass 
from the body as a whole to its respective 
organs and their respective cells, to the 
nucleated cells, and finally to the biogen of 
the nucleus ; while the chemical explana- 
tion will describe the cycle that begins with 
the minutest atomic reaction, passes on- 
ward through more and more complex intra- 
and intermolecular synthetic and analytic 
changes so long as chemical equilibrium is 
disturbed ; but eventually finds its begin- 
ning and its end — cause and effect — in 
energy potential, energy kinetic, liberating 
impulse. 

That the problem of immunity will be 
solved is only a question of time. The 
active research now in progress is rapidly 
dissipating the unknown ; and when the 
chemical structure of the various animal 
proteids becomes a known quantity their 
interaction will be readily seen and the so- 
lution of the problem will be an accom- 
plished fact. 

The problem is a biochemical one, and 
biochemists will solve it. Many, if not all, 
the phenomena of fermentation, infection 
and immunity are explainable in terms of 
modern chemistry, and since modern chem- 
istry is firmly founded on the doctrine of 
energy we have to consider merely the 
terms, energy potential, energy kinetic and 
liberating impulse. 

I am conscious of having failed to bring 
before you a large mass of newly accumu- 
lated, interesting facts which should be 
considered in this connection ; but the 
largeness of the subject together with the 
enormous accretions annually made to its 
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literature renders it impossible to present 
a complete survey of so immense a field of 
labor in the address of an evening. What 
has been said is little more than a begin- 
ning of what has been done in this line of 
biochemical research — the promise of its 
future remains to be told. 

Beside the great intellectual gain must 
be placed the immense practical benefits 
such investigations have secured for man — 
as witnessed in the saving of millions of 
lives of human beings, many times more of 
the lower animals, and large areas of plant 
life. They have ever made for the better- 
ment and happiness of man, and for the 
highest progress of civilization, and so will 
they continue. 

Henry Winston Harper. 



AN ELECTROCHEMICAL LABORATORY AT 
THE UNIVERSITY OF PENNSYLVANIA. 

The great importance of electricity in 
chemistry is universally recognized. Uni- 
versities and technical schools are rapidly 
adding appliances for the use of this agent 
to their chemical equipments. Here, at the 
University of Pennsylvania, the first work 
done in electrochemistry was in the year 
1878. It consisted in the precipitation of 
cadmium from its salts, also the separation 
of this metal from copper, and the precipita- 
tion of uranium as protosesquioxide by the 
electric current. Since that time numerous 
other methods have been devised, and the 
practical work has been greatly amplified 
and incorporated in the course of chemical 
instruction designed for undergraduate and 
graduate students in chemistry. 

The electric energy was, at first, derived 
from various types of primary batteries, but 
as the demand for powerful and steady 
currents grew, several storage cells of the 
Julien type were introduced, early in the 
year 1888, and constantly used until 1895, 
when the equipment was increased by the 
addition of twelve chloride accumulators 



(Type E), connected to a plugboard, by 
which any number of cells could be arranged 
in series or parallel, and attached to any 
one of three sets of terminals, conveniently 
placed on a working table. Fig. 1 repre- 
sents a photograph of the table, showing 
the board in position. The storage cells 
were placed in the cupboard back of the 
distributing board. The arrangement of 
the plug- board with its connections is clearly 
indicated in Fig. 2, where the lettered and 
numbered squares represent brass blocks 
mounted on a slab of hard rubber, and the 
dotted lines indicate the electrical connec- 
tions on the back. Provision was thus 
made for three students. 

As this device and our present laboratory 
were installed at the writer's suggestion 
and under his direction by A. W. Schramm, 
of the Electrical Department of the Univer- 
sity, it seems best, to insure accuracy and 
avoid uncertainty, to introduce the latter's 
own language in describing the two schemes: 

" The brass blocks marked P are each 
connected to the positive terminal of a 
storage cell. These cells are marked in the 
figure by A, B, C, etc. The negative ter- 
minals are each connected to two blocks 
marked N, as shown. The upper line of 
blocks, numbered 1, are joined together, 
and, in fact, might be made of one strip ex- 
cept for economy of material. This row is 
attached to, and forms part of, the positive 
lead running to outlet No. 1 on the operat- 
ing table. The negative lead for this same 
outlet is connected to the lower row of 
blocks marked 1. Thus: If the operator 
at outlet No. 1 wanted to use the two cells 
A and K in parallel it would only be neces- 
sary for him to insert plugs between the 
upper row of 1 blocks and the P blocks of 
A and K respectively, and between the 
N blocks of A and K, and lower row of 
l's. Similarly, the upper row of blocks 
marked 2 are connected to the positive 
lead running to outlet No. 2, and the 



